
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
70

1 
20

7
A

1
��&������
�����

(11) EP 1 701 207 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.09.2006 Bulletin 2006/37

(21) Application number: 06110450.1

(22) Date of filing: 27.02.2006

(51) Int Cl.:
G03B 21/00 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR
Designated Extension States: 
AL BA HR MK YU

(30) Priority: 09.03.2005 KR 2005019666

(71) Applicant: Samsung Electronics Co., Ltd.
Suwon-si
442-742 Gyeonggi-Do (KR)

(72) Inventor: Kim, Min-chul
Gyeonggi-Do (KR)

(74) Representative: Read, Matthew Charles et al
Venner Shipley LLP 
20 Little Britain
London EC1A 7DH (GB)

(54) Focus regulator for a projection apparatus

(57) A focus regulator (100) for a projection apparatus includes a rotatable controller (140), a focus lens unit (70)
and a projection lens unit (120) that can be moved along the optical axis (OX) by being rotated with the controller (140)
to adjust the focus of a projected image. Movement of the controller (140) along the optical axis (OX) is prevented by
the cover (14) of the projection apparatus and a mask (16) attached thereto. In another embodiment, a groove is formed
on the projection lens unit (70) and a protrusion provided on a power transmission rib (144) of the controller (140). The
interaction of the protrusion and groove prevents movement of the controller (140) along the optical axis (OX). As linear
movement of the controller (140) is prevented, the overall size of the projection apparatus may be reduced in comparison
to prior projection apparatuses and the design of the mask (16) may be simplified.
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Description

[0001] The present invention relates to a focus regulator of a projection apparatus.
[0002] A projection apparatus is a display device designed for enlarging and projecting an optical image generated
by an image formation unit onto a projection surface, such as a screen. Generally, such a projection apparatus includes
an illuminating system for generating light, an image formation unit for converting the light generated by the illuminating
system into an optical image and a projection system for enlarging and projecting the optical image onto a projection
surface. In addition, the projection system includes a first lens unit and a second lens unit, for focusing and projecting
the optical image onto the projection surface.
[0003] The projection apparatus also includes a focus regulator for adjusting the focus of the optical image enlarged
and projected onto the projection surface. The focus regulator adjusts the focus of the optical image by changing the
spacing between the first and second lens units. A conventional focus regulator includes a controller, which protrudes
outside of a main body of the projection apparatus to facilitate control by a user, and a power transmission unit for
transmitting power from the controller to the first lens unit. A user can operate the focus regulator by rotating the controller.
The rotation of the controller is transmitted by the power transmission unit and causes movement of the first lens unit
along the optical axis of the optical image. The movement of the first lens changes the spacing between the first and
second lens units, thereby adjusting the focus of the projected image.
[0004] In such an arrangement, the controller moves with the first lens unit, in the direction of the optical axis. Con-
sequently, the projection apparatus must include sufficient additional space to accommodate the movement of the
controller. The provision of such additional space is particularly problematical where the controller protrudes outside of
the main body of the projection apparatus. Furthermore, the requirement for additional space hinders minimisation of
the size of the projection apparatus. As the demand for portable projection apparatuses increases, the development a
focus regulator having a simple structure that facilitates minimisation of the size of the apparatus becomes desirable.
[0005] Furthermore, the projection apparatus may include a mask that, when installed on the projection apparatus,
covers the front of the main body for design and aesthetic considerations. However, the mask must not restrict the
movement of the controller of the focus regulator and so the design of such a mask is not straightforward.
[0006] An object of the present invention is the provision of a focus regulator that permits the size of a projection
apparatus comprising the focus regulator to be of reduced size when compared with prior projection apparatuses.
[0007] Another object of the present invention is the provision of a focus regulator having a relatively simple configu-
ration and a projection apparatus having the same.
[0008] According to a first aspect of the present invention, a focus regulator includes a controller rotatably installed
on a main body and arranged so that movement of the controller in the direction of an optical axis is prevented, a
projection lens unit and a focus lens unit attached to the projection lens unit of the main body and arranged to move in
the direction of the optical axis by being rotated with the controller.
[0009] The controller may include a ring-shaped body having an inner portion, in which one end of the focus lens unit
is inserted, and at least one power transmission rib, which is elongate and protrudes from the ring-shaped body in the
direction of the focus lens unit. Additionally, the focus lens unit may include a focus ring attached to the power transmission
rib in a manner that permits the transmission of the rotary power. A focus lens barrel may be provided, having at least
one lens therein, for connection to the focus ring. Additionally, a plurality of protrusions may be formed at regular intervals
on the outer circumference of the focus ring and the power transmission rib inserted between the protrusions. With this
configuration, the controller is connected to the focus lens unit.
[0010] The focus lens unit may be affixed to the projection lens unit using screws.
[0011] The main body may have a base to support the projection lens unit, a cover installed on the base that has an
opening for receiving one end of the controller and a mask installed on the cover to cover an opening-sided surface of
the cover, that has an opening for receiving the other end of the controller. The movement of the controller in the direction
of the optical axis thus may be restricted or prevented by means of the cover and the mask.
[0012] According to a second aspect of the invention, a focus regulator comprises a frame, a controller rotatably
formed on the frame and arranged so that movement of the controller in a direction of an optical axis is prevented and
a focus lens unit affixed to the frame and arranged to move in the direction of the optical axis by being rotated with the
controller.
[0013] Also provided is a projection apparatus comprising a main body, an illuminating optical system formed on the
main body arranged to generate and emit light, an image formation unit formed on the main body arranged to convert
the light emitted by the illuminating optical system into an optical image and a focus regulator according to the first or
second aspect of the invention.
[0014] According to a third aspect of the invention, a projection apparatus includes a focus regulator that comprises
a controller rotatably mounted on a main body of the projection apparatus, a projection lens unit and a focus lens unit
arranged to move relative to the projection lens unit along an optical axis of the projection apparatus in response to
rotation of the controller, arranged so that movement of the controller along the optical axis is prevented.
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[0015] The projection apparatus may include a cover arranged to cover the projection lens unit and focus lens unit
and a mask, wherein a portion of the controller is located between the cover and the mask so as to prevent movement
of the controller along the optical axis.
[0016] Co-operating formations may be provided on the controller and the projection lens unit and arranged so as to
prevent movement of the controller along the optical axis.
[0017] Embodiments of the invention will now be described, by way of example, with reference to the accompanying
drawings, in which:

Figure 1 is an exploded perspective view of a projection apparatus according to an embodiment of the present
invention;
Figure 2 is a schematic diagram showing the operation of the projection apparatus of Figure 1;
Figure 3 is a further exploded perspective view of the projection apparatus of Figure 1; and
Figures 4A and 4B are elevational views in cross section along line IV-IV of Figure 3, illustrating the operation of
the projection apparatus of Figure 1.

[0018] Throughout the detailed description and drawings, like reference numerals will be understood to refer to like
parts, components and structures.
[0019] Referring to Figures 1 and 2, a projection apparatus according to an embodiment of the present invention
includes a main body 10, an illuminating optical system 30, an image formation unit 50, a projection lens unit 70, and a
focus regulator 100.
[0020] The main body 10 includes a base 12, a cover 14, a mask 16, and a case 18.
[0021] The base 12 forms the bottom plane of the projection apparatus and supports the illuminating optical system
30, image formation unit 50, projection lens unit 70 and focus regulator 100.
[0022] The cover 14 is fixed to the base 12. An opening 15 is formed in the front of the cover 14 through which the
focus regulator 100 can pass when it advances to adjust the focus.
[0023] The mask 16 can be fixed using screws or the like at both sides of the cover 14, to cover both sides and the
front of the cover 14. An opening 17 is formed at the front of the mask, corresponding to the opening 15 in the cover 14.
The focus regulator 100 can pass through the opening 17 when it advances during focus adjustment. As illustrated in
Figure 3, a controller 140 of the focus regulator 100 is rotatably mounted and located between the mask 16 and the
cover 14. Details of the focus regulator 100 are described below.
[0024] The case 18 houses the above parts and is fixed to the base 12, for example, using screws or the like. The
case 18 forms a module for the parts and may be omitted when each part is fixed to the base 12.
[0025] The illuminating optical system 30 includes a light source 32, a collimating lens 34, a dichroic filter 36 and a
relay lens unit 38.
[0026] The light source 32 includes a first light source 32a for generating blue and red light, and a second light source
32b for generating green light. In this particular embodiment, both the first and second light sources 32a and 32b are
light emitting diode (LED) devices, in order to allow minimisation of the projection apparatus. In other embodiments, a
halogen lamp, an ultra-high performance (UHP) lamp or the like may be used as the first and/or second light sources
32a, 32b.
[0027] The collimating lens 34 collimates the light emitted from the first and second light sources 32a and 32b, as
shown in Figure 2.
[0028] The light is transmitted or reflected by means of the dichroic filter 36 according to its wavelength. In this particular
example, the dichroic filter 36 transmits red and blue light and reflects green light. Therefore, light emitted from the first
light source 32a is transmitted and is then incident on the relay lens unit 38. Additionally, light projected from the second
light source 32b is reflected and is then incident on the relay lens unit 38.
[0029] The relay lens unit 38 standardises the intensity of the light emerging from the dichroic filter 36 and collects
the light to produce a uniform light distribution having a rectangular shape for reception by the image formation unit 50.
[0030] The image formation unit 50 converts incident light received from the relay lens unit 38 into an image in
accordance with an image signal. The image formation unit 50 may be a CRT (Cathode Ray Tube), LCD (Liquid Crystal
Display), DMD (Digital Micromirror Device) or the like.
[0031] In this particular example, the image formation unit 50 is a DMD. The DMD consists of a plurality of independently
rotatable mirrors that selectively reflect light received from the relay lens unit 38 towards the projection lens unit 70,
thereby forming an image.
[0032] The projection lens unit 70 is mounted inside the case 18 and receives the optical image generated by the
image formation unit 50. A plurality of lenses are arranged inside the projection lens unit 70, to enlarge the optical image
and to compensate for various aberrations in the optical image. A screw thread 70a, shown in Figure 3, is formed inside
the projection lens unit 70.
[0033] Referring to Figure 3, the focus regulator 100 includes a focus lens unit 120 and a controller 140.
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[0034] The focus lens unit 120 includes a focus lens barrel 122 and a focus ring 124.
[0035] A screw thread 122a corresponding to the screw thread 70a of the projection lens unit 70 is formed on the
outer circumference of the focus lens barrel 122. The focus lens barrel 122 is inserted into the projection lens unit 70
and fixed therein using the screw threads 70a and 122a. Therefore, when the focus lens barrel 122 rotates, it moves
linearly from the projection lens unit 70 along the optical axis (OX). In other embodiments of the invention, the screw
threads 70a, 122a may be replaced by other connection means, such as a cam protrusion or a cam groove, that allow
the rotation of the focus lens barrel 122 to result in movement along the optical axis OX of the optical image. At least
one lens is arranged inside the focus lens barrel 122, and the focus of the image projected onto a projection surface
may be adjusted by changing the distance between the lens in the focus lens barrel 122 and the lens in the projection
lens unit 70.
[0036] A portion of the focus lens barrel 122 is inserted into the focus ring 124, and the focus ring 124 is fixed to the
focus lens barrel 122 by securing the inserted portion of the focus lens barrel 122 using screws or the like. In addition,
at least one protrusion 126 is formed on the focus ring 124.
[0037] The controller 140 includes a ring-shaped body 142, at least one power transmission rib 144 protruding from
the body 142 in the direction of the focus ring 124, and a ring-shaped supporting rib 146 formed on the ring-shaped body
142 and protruding from the body in the direction of the mask in a direction substantially opposite to the direction in
which the at least one power transmission rib 144 protrudes.
[0038] The ring-shaped body 142 has a small diameter opening 148 in a central portion. The focus ring 124 moves
linearly in the direction of the optical axis by passing through the opening 148 in the focus ring 124.
[0039] The power transmission rib 144 is inserted between the protrusions 126. Therefore, if the controller 140 is
rotated, rotary power is transmitted to the focus ring 124 via the power transmission rib 144 and the protrusions 126.
Furthermore, by rotating the focus ring 124, the focus lens barrel 122 is caused to move linearly, towards or away from
the projection lens unit 70, in the direction of the optical axis. However, the movement of the controller 140 in the direction
of the optical axis is prevented due to its placement between the cover 14 and the mask 16. Thus, the focus ring 124
slides in the opening 148 of the controller 140, to the inside of the power transmission rib 144, in the direction of the
optical axis. Likewise, the rotary power may be transmitted to the focus lens unit 120 by the simple structure of the power
transmission rib 144 and the protrusions 126.
[0040] This configuration has the benefit of reducing the overall size of the projection apparatus. In particular, because
the focus ring 124 slides on the controller 140 while being inserted between the power transmission rib 144 and the
protrusions 126, the controller 140 receives little or no force in the direction of the optical axis, and is prevented from
moving along the optical axis due to the presence of the cover 14 and the mask 16. Therefore, additional space for the
movement of the controller 144 is not necessary.
[0041] In embodiments where the protrusions 126 are provided on the focus lens barrel 122, the focus ring 124 may
be omitted.
[0042] In the projection apparatus of Figures 1 to 3, the cover 14 and the mask 16 prevent movement of the controller
140 in the direction of the optical axis. In an alternative arrangement, the power transmission rib 144 of the controller
140 may be elongated and may interact so that the projection lens unit 70 so that the projection lens unit 70 restricts
movement of the power transmission rib 144 in the direction of the optical axis. For example, in another embodiment,
a circumferential groove is provided on the projection lens unit and a protrusion provided at one end of the power
transmission rib 144. The protrusion is inserted into the groove so that the movement of the controller 140 in the direction
of the optical axis is prevented.
[0043] In the projection apparatus of Figures 1 to 3, the projection lens unit 70 comprises a frame that is attached to
the focus lens barrel 122 using screws. In an alternative embodiment, the frame may be formed as a separate part
affixed to the main body 10. The movement of the controller 140 along the optical axis may be prevented through the
provision of a groove on the frame and elongating the power transmission rib 144 relative to the frame, so that it extends
into the groove.
[0044] The supporting rib 146 is inserted in the opening 17 of the mask 16, and is rotatable.
[0045] The operation of the projection apparatus of Figure 1 to 3 will now be described, with reference to Figures 4A
and 4B.
[0046] Firstly, light generated by the illuminating optical system 30, shown in Figure 2, is converted to an optical image
by the image formation unit 50. The optical image passes through the projection lens unit 70 and the focus regulator
100 and is projected onto a screen, not shown. A user can use the controller 140 to focus the image projected onto the
screen.
[0047] The user can adjust the focus by rotating the controller 140, which protrudes from the cover 14 and the mask
16. The power transmission rib 144 of the controller 140 transmits the rotation to the protrusions 126 of the focus ring
124 and rotates the focus ring 124. Furthermore, when the focus ring 124 rotates, the focus lens barrel 122 fixed to the
focus ring 124 also rotates. The focus lens barrel 122, which may be attached to the projection lens unit 70 using screws,
moves linearly, relative to the projection lens unit 70, along the optical axis (OX).
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[0048] Because movement of the controller 140 in the direction of the optical axis (OX) is prevented by the mask 16
and the cover 14, the focus ring 124 moves in the direction of the optical axis by sliding along, to the inside of, the power
transmission rib 144.
[0049] A reduction in the size of the projection apparatus is made possible due to the restriction of movement of the
controller 140 in the direction of the optical axis (OX). Moreover, design restrictions are eased without limiting the shape
of the mask 16.
[0050] The focus lens barrel 122 and the focus ring 124 pass through the opening 148 of the controller 140, shown
in Figure 3, and hole 15, 17 of the cover 14 and the mask 16, shown in Figure 3, when they move linearly.
[0051] In the embodiments described above, the power transmission structure between the controller and the focus
lens unit is simplified, when compared with the prior art, which is advantageous in reducing the size of the projection
apparatus.
[0052] In particular, the focus lens unit moves in the direction of the optical axis (OX) without movement of the controller
in the direction of the optical axis (OX), which is advantageous as it permits a reduction in, or even minimisation of, the
size of the projection apparatus. Additionally, design restrictions may be eased compared with the prior art because the
design and mounting of an accessory, such as the mask, may be less complicated.
[0053] The foregoing embodiments and advantages are merely examples and are not to be construed as limiting the
scope of the present invention. In particular, the present teachings may be readily applied to other types of apparatuses.
Also, the description of the embodiments of the present invention is intended to be illustrative, and not to limit the scope
of the claims, and many alternatives, modifications, and variations will be apparent to those skilled in the art.

Claims

1. A focus regulator (100), comprising:

a controller (140) rotatably mounted on a main body (10) and arranged so that movement of the controller (140)
in the direction of an optical axis (OX) is prevented;
a projection lens unit (70); and
a focus lens unit (120) attached to the projection lens unit (70) and arranged to move in the direction of the
optical axis (OX) by being rotated with the controller.

2. A focus regulator (100) as claimed in claim 1, wherein the controller (140) includes an annular body (142) into which
one end of the focusing lens unit (120) is inserted.

3. A focus regulator (100) as claimed in claim 2, wherein the controller (140) includes at least one power transmission
rib (144) extending from the controller (140) toward the focus lens unit (120).

4. A focus regulator (100) as claimed in claim 3, wherein the focus lens unit (120) includes a focus ring (124) arranged
to engage the power transmission rib (144) to transmit rotary power therebetween.

5. A focus regulator (100) as claimed in claim 4, wherein the controller (140) includes a focus lens barrel (122) secured
to the focus ring (124) and having at least one internally mounted lens.

6. A focus regulator (100) as claimed in claim 5, wherein a plurality of protrusions (126) are formed on an outer
circumference of the focus ring (124), arranged so that the power transmission rib (144) is insertable between
adjacent ones of said protrusions (126).

7. A focus regulator (100) as claimed in claim 1, wherein the focus lens unit (120) is attached to the projection lens
unit (70) by screws.

8. A focus regulator (100), comprising:

a frame;
a controller rotatably formed on the frame and adapted so that movement of the controller in a direction of an
optical axis (OX) is prevented; and
a focus lens unit affixed to the frame and arranged to move in the direction of the optical axis (OX) by being
rotated together with the controller.
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9. The focus regulator as claimed in claim 8, wherein the frame is affixed to the focus lens unit with screws.

10. The focus regulator as claimed in claim 8, wherein the frame is a projection lens unit.

11. A projection apparatus, comprising:

a main body (10);
an illuminating system configured to generate light;
an image formation unit arranged to convert the light emitted by the illuminating system into an optical image; and
a focus regulator according to any one of claims 1 to 10.

12. A projection apparatus as claimed in claim 11, wherein the main body includes:

a base (12) that supports the projection lens unit (70);
a cover (14) formed on the base (12) and having an opening (15) for receiving a first end of the controller (140); and
a mask (16) formed on the cover (14) configured to cover a side of the cover (14) in which the cover opening
(15) is formed, having a mask opening (17) adapted to receive a second end of the controller (140);

wherein the controller (140) is prevented from movement in a direction of an optical axis (OX) by means of the cover
(14) and the mask (16).

13. A projection apparatus, comprising a focus regulator (100) that comprises:

a controller (140) rotatably mounted on a main body (10) of the projection apparatus;
a projection lens unit (70); and
a focus lens unit (120) arranged to move relative to the projection lens unit (70) along an optical axis (OX) of
the projection apparatus in response to rotation of the controller (140);
arranged so that movement of the controller (140) along the optical axis (OX) is prevented.

14. A projection apparatus according to claim 13, comprising:

a cover (14), arranged to cover the projection lens unit (70) and focus lens unit (120); and
a mask (16);

wherein a portion (142) of the controller (140) is located between the cover (14) and mask (16) so that movement
of the controller (140) along the optical axis (OX) is prevented by said cover (14) and mask (16).

15. A projection apparatus according to claim 13, wherein co-operating formations are provided on said controller (140)
and said projection lens unit (70) and arranged so as to prevent movement of the controller (140) along the optical
axis (OX).
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